Methyl ricinoleate 4 and methyl 13(S)-hydroxyoctadeca-9(Z),11(E)-dienoate 7 were subjected to epoxidation using mCPBA, or tert-butyl hydroperoxide in the presence of vanadyl acetylacetonate or titanium (IV) isopropoxide with D-(-)-or L-(+)-diisopropyl tartrate. Epoxidations using mCPBA gave equal quantities of the disatereoisomeric epoxides 5/6 and 8/9 from 4 and 7 respectively. Other methods gave preferentially epoxides 5 or 8, except for treatment of 7 with tert-butyl hydroperoxide in the presence of titanium (IV) isopropoxide and L-(+)-diisopropyl tartrate which gave preferentially epoxide 9. Hydroxy-derivative 4, 7, 5, 6, 8 and 9 were converted into the fluoro-derivatives 16 -21 by trimethylsilylation and treament with diethylaminosulphur trifluoride. Epoxides 6 and 9 were converted into 2-oxazolines 22 and 23 respectively by reaction with acetamide.
Introduction
Fatty acids are relatively underused as synthetic starting materials, in spite of their natural abundance. Possible reasons for this include their relative lack of functionality and their general lack of asymmetry. Stereoselective methods of preparing fatty acid derivatives would increase the synthetic utility of these materials. In addition, functionalised fatty acids are of increasing interest in a variety of applications, for example, as defensive agents for plants 1 . We have castor oil, and 13(S)-hydroxyoctadeca-9(Z),11(E)-dienoic acid (13(S)-HODE) 2, obtainable by biotransformation of linoleic acid 3. 
Results and Discussion
The well established oxygenation of linoleic acid 2 using immobilised soybean lipoxygenase 2 in a DMSO-containing medium 3 was used to give preparative quantities of 13(S)-HODE 3. This procedure gave 3.4 to 4.0 g (66-76%) yield of product in excellent optical purity after sodium borohydride reduction of the hydroperoxide product ( Figure 2 ). Foglia et al reported diastereoselective epoxidations of methyl ricinoleate 4 in which the product epoxides were obtained as mixtures and the ratios of diastereoisomers determined by GC 3 . In Table 1 , we report the epoxidation of 4 using various methods and give the isolated yields of epoxides 5 and 6. Equal amounts of 5 and 6 were isolated after epoxidation with mCPBA. Epoxidation using tert-butyl hydoperoxide with either vanadyl acetylacetonate or titanium (IV) isopropoxide gave selectively epoxide 5, previously characterised by Foglia et al 3 .
Addition of D-(-)-diisopropyl tartrate to the tert-butyl hydoperoxide/titanium (IV) isopropoxide mixture was found to improve diastereoselectivity. Addition of L-(+)-diisopropyl tartrate had no effect on the diastereoselectivity of tert-butyl hydroperoxide/titanium (IV) isopropoxide. Piazza et al reported a titanium (IV) isopropoxide-catalysed stereoselective intramolecular epoxidation of the hydroperoxide derivative of compound 3 4 . In our hands, the intramolecular epoxidation method was low yielding and give large quantities of unreacted starting material. Better yields, with good diastereoselectivities, were obtained using 'external' epoxidising agents on the methyl ester of 13(S)-HODE 7 (Table 2) . Epoxidation occurred specifically at the 11(Z)-alkene closer to the hydroxyl in all cases. Equal amounts of epoxides 8 and 9 were isolated after epoxidation with mCPBA. Epoxidation using tert-butyl hydoperoxide and vanadyl acetylacetonate gave selectively epoxide 8, previously characterised by Piazza et al 4 , as did epoxidation with tert-butyl hydroperoxide/titanium (IV) isopropoxide in the presence of D-(-)-diisopropyl tartrate. However, epoxidation of 7 with tert-butyl hydroperoxide/titanium (IV) isopropoxide in the presence of L-(+)-diisopropyl tartrate was found to give a reversal in diastereoselectivity, with 9 being obtained in greater quantity. Table 3 are results obtained upon treatment of the hydroxy-and epoxyhydroxy-fatty acid esters described above with diethylaminosulphur trifluoride (DAST). We found that much improved yields were obtained by conversion of the substrates into trimethylsilyl ethers by treatment with N,Obis(trimethylsilyl)trifluoroacetamide prior to reaction with DAST. Reaction was found to proceed with inversion of stereochemistry in each case. Heterocyclic derivatives offer well defined stereochemistry with restricted conformational freedom which can influence biological activity. Consequently, we investigated the conversion of epoxides 6 and 9 into 2-oxazoline derivatives by reaction with acetamide in DMF at 100°C . One product only was isolated from both reactions. Coupling constants indicated that these had, respectively, trans-and cis-stereochemistry at positions 4 and 5 of the oxazoline rings. We therefore believe these to be the oxazolines 22 and 23 ( Figure 3 ). . Methyl esters were prepared by treatment of the carboxylic acids with ethereal solutions of diazomethane. Mass spectrometry was carried out by the EPSRC National Mass Spectrometry Service Centre, University of Swansea, UK. Low resolution mass spectrometry (m/z) was carried out on a VG Biotech Quattro II triple quadrupole instrument; accurate mass measurements were carried out on a VG ZAB-E instrument using manual peak matching. Hydroxy-compounds were converted into trimethylsilyl ethers prior to analysis by treatment with N,O-bis(trimethylsilyl)trifluoroacetamide at 60°C for 15 minutes.
13(S)-Hydroxyoctadeca-9(Z),11(E)-dienoic acid (13(S)-HODE) (3)
. Soybean lipoxygenase type 1B (100 mg, Sigma Chemical Co.) was suspended in 1M phosphate buffer (100 mL, pH 7.5). Oxirane acrylic beads (3.0 g Sigma Chemical Co.) were added to the enzyme suspension with magnetic stirring and stored at 4°C for 60 hours. The beads were collected by filtration, washed successively with 0.1M phosphate buffer (100 mL, pH 7.5) and 0.1M borate buffer (100 mL, pH 9.5), and then suspended in 0.1M borate buffer (1L, pH 9.5), cooled to 0°C, stirred mechanically at 1200 rpm and oxygen bubbled through the mixture. An emulsion of linoleic acid (5.0 g, 17.8 mmol) in 0.1M borate buffer (200 mL, pH 9.5) was added portionwise into the enzyme suspension, after which DMSO (100 mL) was added. The mixture was stirred for 2 hours after which the suspension was filtered. The filtrate was acidified to pH 3 by addition of 0.1M aqueous hydrochloric acid and extracted into diethyl ether (3 x 250 mL). The combined extracts were dried over magnesium sulphate, filtered and the diethyl ether evaporated under reduced pressure. The crude hydroperoxide was dissolved in methanol (100 mL) and cooled to 0°C. Sodium borohydride (2.0 g, 0.05 mol) was added and the mixture was stirred at 0°C for 20 minutes and at ambient temperature for a further 40 minutes. The methanolic solution was acidified to pH 3 by addition of 0.1M aqueous hydrochloric acid, dissolved in water (100 mL) and extracted into diethyl ether (3 x 100 mL). The combined extracts were dried over magnesium sulphate and the solvent evaporated under reduced pressure. 
.
Epoxidations with mCPBA A mixture of methyl ester 4 or 7 (100 mg, 0.32 mmol) and mCPBA (120 mg, 0.65 mmol) in dichloromethane (10 mL) was stirred for 1 hour, after which dichloromethane (50 mL) was added and the reaction mixture washed with 10% aqueous ferrous sulphate (3 x 100 mL) and water (50 mL), dried over magnesium sulphate, filtered and the solvent removed under reduced pressure. The residue was subjected to silica gel chromatography using diethyl ether/hexane (30/70) containing 1% triethylamine. Epoxidation of methyl ricinoleate 4 gave 5 (43 mg, 41%) and 6 (42 mg, 41%). Epoxidation of methyl 13(S)-HODE 7 gave 8 (45 mg, 43%) and 9 (44 mg, 43%).
Epoxidations with tert-butyl hydroperoxide/vanadyl acetylacetonate
Vanadyl acetylacetonate (19 mg, 0.07 mmol) was added to a solution of methyl ester 4 or 7 (100 mg, 0.32 mmol) in dichloromethane (10 ml) at 0°C under a nitrogen atmosphere. The reaction mixture was stirred for 10 minutes, after which tert-butyl hydroperoxide (0.1 mL, 0.55 mmol, 5.5M in isooctane) was added. The solution was stirred at 0°C for 1 hour, then at ambient temperature for 10 minutes, after which dichloromethane (50 mL) was added and the reaction mixture washed with 10% aqueous ferrous sulphate (3 x 100 mL), dried over magnesium sulphate, filtered and the solvent removed under reduced pressure. The residue was subjected to silica gel chromatography using diethyl ether/hexane (30/70) containing 1% triethylamine. Epoxidation of methyl ricinoleate 4 gave 5 (81 mg, 77%) and 6 (3 mg, 2%). Epoxidation of methyl 13(S)-HODE 7 gave 8 (74 mg, 72%) and 9 (6 mg, 6%).
Epoxidations with tert-butyl hydroperoxide/titanium (IV) isopropoxide
Titanium (IV) isopropoxide (114 mg, 0.40 mmol) and D-(-)-or L-(+)-diisopropyl tartrate (105 mg, 0.45 mmol) were added to a solution of methyl ester 4 or 7 (100 mg, 0.32 mmol) in dichloromethane (10 mL) at -20°C under a nitrogen atmosphere. The reaction mixture was stirred for 10 minutes, after which tert-butyl hydroperoxide (0.1 mL, 0.55 mmol, 5.5M in isooctane) was added. The solution was stirred at -20°C for 3 hours, then at ambient temperature for 1 hour, after which dichloromethane (50 mL) was added and the reaction mixture washed with 10% aqueous ferrous sulphate (3 x 100 mL), dried over magnesium sulphate, filtered and the solvent removed under reduced pressure. The residue was subjected to silica gel chromatography using diethyl ether/hexane (30/70) containing 1% triethylamine as eluant. Epoxidation of methyl ricinoleate 4 in the presence of D-(-)-diisopropyltartrate gave 5 (88 mg, 82%) and 6 (5 mg, 5%). Epoxidation of methyl 13(S)-HODE 7 in the presence of D-(-)-diisopropyltartrate gave 8 (78 mg, 75%) and 9 (11mg, 11%). Epoxidation of methyl 13(S)-HODE 7 in the presence of L-(+)-diisopropyltartrate gave 8 (7 mg, 6%) and 9 (76mg, 73%). 
Methyl 9(R),10(S)-epoxy-12(R)-hydroxyoctadecanoate (5)
Diethylaminosulphur trifluoride fluorinations
Substrate (100 mg) was dissolved in N,O-bis(trimethylsilyl)trifluoroacetamide (0.5 mL) and heated at 90°C for 30 minutes, after which the excess N,O-bis(trimethylsilyl)trifluoroacetamide was evaporated in vacuo. The residue was dissolved in dichloromethane (10 mL) and cooled to -78°C. A solution of diethylaminosulphur trifluoride (0.1 mL, 0.5 mmol) in dichloromethane (1 mL) was added, and the reaction mixture was stirred at -78°C for 1 hour and at ambient temperature for 30 minutes, after which water (100 mL) was added and the mixture washed with aqueous sodium bicarbonate (0.1M, 3 x 50 mL), dried over magnesium sulphate, filtered and the solvent evaporated under a stream of nitrogen. The residue was subjected to silica gel chromatography using diethyl ether/hexane (15/85) containing 1% triethylamine as eluant. 
Preparation of 2-oxazolines
A solution of epoxide (50 mg, 0.15 mmol) and acetamide (9 mg, 0.15 mmol) in DMF (20 mL) was heated to 100°C for 24 hours, after which the solvent was removed in vacuo and the residue subjected to silica gel chromatography using diethyl ether/ hexane (10/90) as eluant. 
